Background: An increasing number of medical relief organizations have launched programs to perform total joint replacements in the developing world. There is a paucity of data on the clinical outcomes of these procedures. We documented pre-and post-operative pain and functional status in a group of low income Dominicans who underwent total hip or knee replacement performed by an American relief organization.
INTRODUCTION
Arthritis is a common cause of severe pain and functional limitation that affects hundreds of millions of individuals worldwide [1] . The growing prevalence of obesity has lead to a global increase in arthritis. In developing nations specifically, the improved ability to treat infectious diseases and prevent other causes of early mortality has lengthened life expectancy and increased the burden of chronic conditions including arthritis [2] . While disease-modifying anti-rheumatic drugs slow the progression of rheumatoid arthritis (RA), no such therapeutics are currently available for osteoarthritis (OA), the most prevalent form of arthritis. For both conditions, total joint replacement (TJR) is the treatment of choice for individuals with advanced structural damage, severe pain and functional limitation [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Total joint replacement is frequently performed in the US, with over one million hip and knee replacements operations carried out annually [14] . Research on TJR outcomes in developed countries suggests that patients with worse functional status at the time of surgery tend to have worse outcomes [15, 16] . Studies also document marked gender and racial disparities in access to and preference for surgery: women tend to present for surgery at a more advanced stage of functional decline [17, 18] and rates of TJR are significantly higher among white patients as compared with African American patients of similar disease status [19] . In developing countries, however, access to TJR is constrained by the limited resources and availability of trained surgeons, and outcome data are scarce. To address these gaps in technical expertise, medical relief organizations have begun to launch programs to perform TJR on resident populations in developing countries. These programs educate host facilities about the procedure with the eventual goal of enabling them to develop autonomous joint replacement programs. Similar initiatives are occurring in other fields of medicine [20] . The clinical results of these medical service and education initiatives have not yet been critically evaluated. Such outcome data would be useful to determine whether patients treated by these relief organizations experience outcomes comparable to those achieved in developed countries. These data would also establish a benchmark for comparison of outcomes as programs evolve toward greater independence of the host surgeons and care teams.
The goal of this paper is to document the outcomes of TJR performed on a cohort of Dominican patients by surgeons of Operation (Op) Walk Boston, a not for profit medical relief organization that performs joint replacements upon approximately 45 Dominican patients annually with advanced hip or knee arthritis. In March 2009 and March 2010, OpWalk Boston operated upon a total of 88 patients. We obtained data on pre-operative pain and functional for these patients and analogous post-operative data one year following TJR for members of the 2009 cohort. In this paper, we report on pre-operative severity and changes in status in this joint replacement population. We also assess the internal consistency of the scales used to measure pain and functional status in order to validate the use of these scales in this developing world context. Through empirical evaluation of the effects of TJR on health-related quality of life in this cohort, we hope to set a benchmark for future initiatives to transfer TJR to the developing world setting.
MATERIALS AND METHODOLOGY

Setting
We performed a prospective cohort study of patients undergoing total knee and hip replacement as part of the Operation (Op) Walk Boston program in Santo Domingo, Dominican Republic. The Dominican Republic occupies the eastern 2/3 of the island Hispaniola, located between the Caribbean Sea and the North Atlantic Ocean. The population of the nation is approximately 9.8 million, with roughly 4.1 million citizens (42%) living below the international poverty line. The Gross Domestic Product of the country is roughly 18% of that in the United States. While all citizens are covered by a public healthcare system, only basic healthcare needs are included in this plan and advanced treatments such as TJR are generally not accessible to the poor [21] .
Patients
All patients participating in Operation Walk 2009 and Operation Walk 2010 were eligible for the study. The poorest patients who could not have paid for the operation and who were medically eligible were accepted into the program. To determine medical eligibility, patient radiographs and medical records were reviewed by surgeons in both the US and the Dominican Republic to ensure that the patient had advanced symptomatic hip or knee arthritis. Medical care occurred at Hospital General de la Plaza de la Salud in Santo Domingo from March 11 -16, 2009 and March 17 -24, 2010 .
Power
The fixed sample size of 28 patients who were evaluated pre-and post-operatively permitted us 80% to detect differences in mean WOMAC pain scores of 12 points between men and women with a standard deviation of 20 and Type I error of 5%.
Intervention
All patients in the cohort underwent unilateral or bilateral hip or knee TJR. Following surgery, patients remained in the hospital for one to two nights and returned to the hospital 10 days post-operatively for removal of sutures. Patients were prescribed physical therapy exercises to complete in their homes. Patients received follow-up care from a Dominican surgeon who is a leading member of OpWalk Boston. One year post-operatively, the patients were re-evaluated by the entire OpWalk team including orthopedic surgeons, physical therapists, and nurses from the United States.
Data Collection Procedures
Research associates approached the pre-operative patients on the first day they were admitted to the hospital. Post-operative patients were surveyed while they were waiting to be seen by a clinician for their one year follow-up appointments. Research associates provided the patients with an introductory study letter and further explained the study to interested patients. Those who chose to participate signed a consent letter before filling out the questionnaire. One investigator surveyed the patients pre-operatively in 2009; another investigator gathered data in 2010 on one year postoperative patients from 2009 and patients undergoing TJR in 2010.
Survey Instrument
The pre-operative questionnaire included demographic details (age, gender, marital status, living arrangements, employment, and level of education), and items on patients' perception of TJR (the patient's perceived probability that the surgery would relieve pain and the probability that they would suffer from a complication during the operation). The one year post-operative questionnaire included a section on improvement in quality of life following surgery and satisfaction with surgery.
Both pre-and post-operative questionnaires incorporated the physical activity and the mental health subscales scales of the Short-Form 36 (SF-36) [22] [23] [24] and the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) [25, 26] . Both are validated indices of health and functional status and have been used extensively in studies of total joint replacement [5, 15, [27] [28] [29] [30] [31] [32] . We transformed scores from these measures to a 0 to 100-point scale (with 100 being the best score).
The surveys were written in Spanish. We used published Spanish versions of the SF-36 and WOMAC indices [33, 34] . All other items, such as those on demographics, or expectations of surgery, were translated by the bilingual researchers of this study.
Statistical Methods
Internal Consistency of Scales
We assessed the reliability (internal consistency) of the SF-36 and WOMAC indices at baseline and one year postoperatively with Cronbach's alpha. A high Cronbach's alpha coefficient (generally >0.7) indicates that a set of items measures a single, underlying unidimensional construct [35] . We also divided the cohort into those who had finished secondary school and those who had not to examine whether differences in internal consistency were associated with education.
Pre-Operative Clinical Characteristics
To document pre-operative health status of the patients undergoing TJR, we calculated pre-operative scores for WOMAC pain and function status scales and SF-36 physical activity and mental health status scales. We assessed the association between sex, age and unilateral vs bilateral surgery, and hip vs knee replacements with the pre-operative scores. These analyses were performed using t-tests for normally distributed variables and the Wilcoxon Rank Sum test for variables that were not normally distributed. All data were analyzed using SAS version 9.2.
Post-Operative Clinical Characteristics
We calculated post-operative WOMAC pain, stiffness and function, and SF-36 physical function and mental health status scores for patients we surveyed in the 2009 cohort who returned for follow-up in 2010. We compared outcomes in patients undergoing hip vs knee replacements, compared outcomes in patients undergoing hip vs knee replacements, and also asked patients about their overall satisfaction with surgery.
Our study conforms to ethical principles of the Declaration of Helsinki. All research was approved by the institutional review boards at the Brigham and Women's Hospital and Hospital General de la Plaza de Salud.
RESULTS
Recruitment
In the 2009 cohort, 35 out of 42 (83%) eligible patients enrolled in the study. Seven patients were not enrolled because they were sent to the operating room before the research associate was able to approach them. In the 2010 cohort, all 46 out of the 46 eligible patients (100%) were enrolled. In total, 81 of 88 (92%) pre-operative patients were enrolled over the two years, including 55 patients undergoing total knee replacement and 26 patients undergoing total hip replacement. At the follow-up evaluation in 2010, 33 follow-up patients who had received their operations in 2009 returned for an evaluation while 9 follow-up patients did not attend the follow-up clinic in 2010. Five of the 33 returning patients were not surveyed pre-operatively in 2009, yielding 28 patients (11 hips, 17 knees) who filled out both pre-and post-op surveys. The follow-up rate was 80% (28 of 35). The age and gender of this group who had both baseline and follow-up data did not differ significantly from the cohort with baseline data who did not participate in the one year follow-up. However, a greater proportion of these 28 follow-up patients (46.4%) received bilateral joint replacements as compared to the patients for whom we did not obtain follow-up data (26.4%). (Table 1) The mean age of the patients in the pre-operative cohort was 61 years (range = 21 to 80 years). Fifty-five (67.9%) patients underwent total knee replacement and 54 (66.6%) of patients received a unilateral prosthesis. Over 90% of the patients had OA and the remainder were RA patients. The majority of patients were female (60, 74.1%), Dominican (74, 96.1%), unemployed (64, 78.8%), and did not complete secondary school (52, 67.5%). Approximately equal proportions of patients were married (28, 35.4%) or single (25, 31 .6%), with the remainder divorced, separated or widowed. The majority lived with family members (71, 89.9%). Over 86% of patients stated pre-operatively that they believed their surgery had at least a 90% success rate.
Demographic, Socioeconomic and Clinical Characteristics of Patients
Internal Consistency of Outcome Measures
The Cronbach's alpha coefficient for each of the WOMAC and SF-36 subscales measured at baseline and post-operatively was greater than 0.75 (Table 2) , exceeding the generally acceptable threshold of internal consistency of 0.7 [35] . Of note, the internal consistency of each scale differed between patients who completed secondary school and those who did not, with the less educated group having Cronbach's alpha coefficients that were about 10-15% lower on each scale. For example the Cronbach alpha for the SF-36 physical function scale was 0.89 for those who completed secondary school and 0.77 for those who did not. These differences in internal consistency across educational strata were not noted at follow-up, although the sample size was considerably smaller.
Pre-Operative Pain and Functional Status
Pre-operatively, patients reported poor scores for physical function as measured by WOMAC (mean = 33.6, sd = 22.0) and SF-36 scales (mean = 16.5, sd = 16.1; 100 is best possible score on these scales and 0 is worst). Patients also reported substantial pain (mean = 38.4, sd = 22.9) and stiffness (mean = 34.3, sd = 26.5) as measured by the WOMAC indices. In contrast, patients scored high on the SF-36 mental health scale (mean = 76, sd = 17.6). Over half (53.8%) of the patients rated their overall health as "good," "very good" or "excellent." The pre-operative clinical characteristics of the cohort are presented in Table 2   Table 3 shows the association between sex, age, number of joints replaced, and hip vs knee patients and pre-operative clinical characteristics. Women reported significantly worse WOMAC scores for pain, stiffness and function than men. These differences were considerable: for example the WOMAC function score was 17.5 points higher (better) in men than in women. The SF-36 physical function score was also better in men, although this result was not statistically significant. In addition, compared to patients undergoing unilateral joint replacement, those receiving bilateral prostheses reported worse unadjusted scores in those same four measures. The differences were statistically significant for each measure except WOMAC stiffness. Age itself did not appear to affect scores no any of these measures. With respect to the SF-36 Mental Health Index and self-rated health, there were also no significant differences among any of the subgroups. Patients undergoing total hip replacement scored higher on all scales by approximately 5 points as compared to patients undergoing total knee replacement, although the differences were not statistically significant. Table 4 shows the one year post-operative SF-36 and WOMAC scores and change in scores for the 28 patients who were surveyed both pre-operatively and postoperatively. The pre-operative scores for this group are also included in the table. Overall, patients showed significant improvement in all measures of pain and function. Patients undergoing hip vs knee replacement achieved similar gains in all scales resulting in comparable post-operative scores in pain and function. The average WOMAC pain score of the cohort improved by over 50 points for a mean post-operative score of 86.4 (sd = 13.1). 92.6% of patients reported experiencing significant or complete pain relief and 33.3% of patients reported no pain, scoring perfectly (100 points) on the WOMAC pain assessment. Physical function as measured by the WOMAC and SF-36 scales improved by approximately 60 points each for mean final scores of 88.1 points (sd = 11.4) and 74.7 points (sd = 19.5) respectively. Fifty-seven percent of patients reported little or no difficulty in performing any of the activities assessed by the WOMAC function subscale. Ninety-three percent of patients rated their ability to perform daily activities as "much better." To provide a specific example of improvement in physical function, 50% of patients experienced extreme difficulty in climbing up stairs pre-operatively as opposed to none one year post-operatively. There was a modest improvement in SF-36 mental health score from a mean of 74.3 points (sd = 17.1) pre-operatively to 88.6 points (sd = 14.6) one year following surgery. A comparison of pre-and post-op scores is shown in Fig. (1) . 92.6% of patients reported feeling very satisfied with the outcome of their surgery, 3.7% felt a little satisfied and 3.7% felt a little unsatisfied.
Post-Operative Clinical Outcomes and Improvement
DISCUSSION
To the best of our knowledge, this is the first study to critically assess the pre-operative health status and to evaluate the effects of TJR on self-reported health status for patients in a developing country receiving care from a medical relief service organization. Prior research has suggested that factors such as low pre-operative functional status and poorly controlled co-morbidities are associated with worse final results and thus may mitigate against good outcomes on such patients [15, 16, 31] . For example, a prospective cohort study of 175 patients with OA undergoing total hip or knee replacement found that patients with worse pre-operative health status did not achieve the same improvement in function and pain assessed by the SF-36 and WOMAC scales measured six months and two years postoperatively, as compared to patients starting with better preoperative health statuses [15, 31] . Another study of 860 patients undergoing total knee arthroplasty found that low pre-operative scores and a higher number of co-morbidities were predictors of worse scores on pain and function assessed by the WOMAC and SF-36 scales one and two years post-operatively [16] . However, we document that the patients in our cohort achieved significant gains in physical function, experienced dramatic reductions in pain and reported high satisfaction with the overall results of the operation. Specifically, our patients' level of improvement of an average of 50 points on the WOMAC pain scale and 60 points on the WOMAC and SF-36 physical function scales is high in comparison to several other prospective cohort studies. For example, in the prospective cohort study of 860 patients described above [16] , the average one year postoperative improvement in WOMAC pain and function scales was approximately 35 points and 30 points, respectively. Similarly, in the study of 175 patients undergoing total hip and knee replacement, patients improved in the SF-36 physical function scale by approximately 37 points and 28 points, respectively [15] . Thus the dramatic improvement in pain, function, and health status in our cohort suggests that poor pre-operative status and socioeconomic factors may not preclude good outcomes on patients participating in medical relief initiatives.
Our study builds upon prior research on the effect of TJR in developed countries, extending many of the findings documented in the United States, the United Kingdom and Australia to the Dominican Republic, to a small cohort of patients in the Dominican Republic.
Studies have consistently shown that women present for TJR at a later stage of functional decline and with greater pain than their male counterparts [5, [16] [17] [18] 36] For example, in a study involving 323 patients undergoing total hip or knee replacement in the United States, women undergoing reported worse physical functional status, as measured by the Intermediate Activity of Daily Living (IADL) scale, than their male counterparts for both procedures. Specifically, women scored on average 9.1 points lower than males for knee surgery and 19.7 points lower for hip surgery on the 0 -100 IADL scale (100 is best) [18] . Researchers have hypothesized that this discrepancy is due to gender differences in preference for or access to TJR [17, 18] . That is, women may wait until they have suffered from greater functional deterioration due to arthritis before electing to undergo surgery and TJR may be offered less readily to women than to men. In our cohort of Dominican patients, we also found that women had worse pain and functional status at the time of surgery. These differences were statistically significant and were greater than the established minimally clinical important differences (MCID) for each of the subscales (7.5 for WOMAC pain, 7.2 for WOMAC stiffness, 6.7 for WOMAC function, and 7.8 for SF-36 physical function) [37] . Explanations in addition to the ones proposed above in developed countries may help to explain this discrepancy. For example, Dominican women may have stronger social support networks that help them to compensate for their functional limitations. In addition, the tasks that they need to compensate for may be less physically demanding than those performed by men. Further research is needed to explore the cultural factors that mediate this discrepancy.
Our study also provides further support for the internal consistency of the WOMAC pain, function and stiffness scales and the SF-36 physical function and mental health subscales. Prior research using these measures in developed countries has demonstrated high internal consistency with Cronbach alpha values ranging from 0.95 to 0.97 for WOMAC scales [38] and values greater than 0.90 for the SF-36 subscales [39] . The somewhat lower Cronbach alpha values in our sample (Table 1) appear to be related in part to educational attainment. At baseline, the internal consistency for each of the scales was higher for those who achieved at least a secondary school education compared to those who did not. Still, Cronbach alpha values for all scales are above 0.7 suggesting that these measures are acceptable for reliable assessment of pain, function and mental health status in Dominican participants. Further research on cultural differences in how patients report health status and on the cultural-specific ways that arthritis affects patients' lives may help to tailor scales for patients in a developing country.
Our study was limited by the involvement of 81 patients including only 28 evaluated at both baseline and one year follow-up. In addition, patients were selected by the OpWalk team as those with the most advanced forms of arthritis and with substantial financial need. These patients may not be representative of the arthritic Dominican population. Both of these factors limit the generalizability of our results. However, since the patients in our cohort represent those with the most severe forms of arthritis, the outcomes reported in our study may be a conservative estimate of the gains that could be achieved following TJR if a greater proportion of patients with advanced arthritis in the Dominican Republic were able to participate in programs such as OpWalk.
CONCLUSION
Our study suggests that TJR performed by American surgeons participating in a medical relief organization is typically successful in relieving pain and restoring ability to perform functional activities for a small group of Dominican patients. These quantitative results provide a benchmark for evaluating outcomes achieved by such relief organizations. In addition, the significant gains in health-related quality of life documented in this pilot project justify larger studies of the outcome of TJR in developing world settings, with longer follow-up periods. Total joint replacement is currently largely unavailable to the majority of the population in developing countries such as the Dominican Republic. If the operation is shown to be successful as suggested by these data, efforts should be made to increase access to TJR. This would entail capacity building and design of care delivery systems that allow for host countries to perform these surgeries independently. In addition to the structural, operational and supply needs for successful delivery of this type of surgery, educating local care teams (surgeons, nurses, physical therapists and operating room personnel) is another important component of a sustainable solution to TJR in developing countries. Our work can serve as a standard to evaluate the performance of these programs each step of the way in the progression from medical relief program to autonomous TJR program staffed by the host facility. Lastly, arthritis is a paradigmatic chronic disease. As the global population ages and grows leading to an increased prevalence of chronic disease in developing nations, it will become ever more important to focus efforts on understanding and treating these conditions, including tailoring the efforts of medical relief organizations to best address the needs of these patients throughout the continuum of care.
